To study the relationship of mammographic appearance of nonpalpable breast cancer to the pathologic characteristics.
Results
The majority of masses (95%), masses with calcifications (68%), and architectural distortions (79%) were due to invasive cancers, whereas the majority of calcifications (68%) were due to ductal carcinoma in situ (DCIS). Among invasive cancers, calcifications were associated with more extensive intraductal carcinoma, more Her2/neu immunoreactivity, and more necrosis of DCIS. Lymphatic invasion was more common in cancers presenting as a mass with calcifications. Sixty-nine percent of DCIS associated with invasive cancers presenting as calcifications were of high grade according to the European Organization for Research and Treatment of Cancer. Calcifications in noninvasive tumors were associated with necrosis in DCIS. Two thirds of cancers presenting as architectural distortion had positive margins (65%) compared with 35% to 37% of other mammographic presentations. Mammographic presentation was not significantly related to tumor differentiation or estrogen or progesterone receptor status. The ratio of invasive to noninvasive malignancies increased progressively with increasing age from 1:1 in patients younger than 50 years of age to 3:1 in patients older than 70 years, whereas the proportion presenting as calcifications declined from 63% in patients younger than 50 years to 26% in patients older than 70 years.
Conclusions
Malignancies presenting as calcifications on mammography are most commonly DCIS. When invasive malignancies presented as calcifications, the calcifications were associated with accompanying high-grade DCIS, and the invasive cancers were often Her2/Neu positive. Mammographic masses with calcifications were associated with lymphatic invasion. Excisional biopsy margins were most commonly positive with architectural distortions. The mammographic appearance of nonpalpable malignancies is related to pathologic characteristics with prognostic value, which varies with patient age and influences clinical management.
Screening mammography has markedly increased the number of breast cancers detected when nonpalpable and often when noninvasive. Consequently, there has been a decline in the size and stage of breast cancers at presentation, resulting in improved survival, with more patients treated with breast conservation. Nonpalpable breast cancers may present radiographically as masses, calcifications, masses with calcifications, or architectural distortion. Numerous variables influence the radiologic appearance of nonpalpable breast cancers. Because breast density declines with increasing age, radiologic findings become more readily apparent, particularly for masses and architectural distortions. The radiographic appearance is also due to the biology of the tumors. Differences in the radiologic appearance of malignancies at different ages may be due to the biologic difference or to differences in the surrounding breast. Because the clinical behavior of a breast cancer is due to its biologic properties, the radiographic appearance of a nonpalpable breast cancer should predict the clinical course of the disease.
Several studies have noted an association between age and pathologic characteristics of both palpable and nonpalpable breast cancers, [1] [2] [3] [4] [5] [6] [7] and others have noted differences in the mammographic appearance of malignancies at different ages. 8 -11 The relationship between the appearance of nonpalpable breast cancer and pathologic characteristics, which may have prognostic value, has not been well studied with consideration for changes with age in the mammographic appearance or pathology. 8 -13 We studied the relationship between the mammographic appearance of nonpalpable breast cancers and their pathologic characteristics at different ages to determine whether mammographic appearance could have potential prognostic value or influence clinical management.
PATIENTS AND METHODS
The pathology database of the Mount Sinai Hospital in New York City was used to identify women with breast cancer who underwent surgical biopsy after needle localization between July 1993 and July 1999. These data were matched to the records of the Department of Radiology. Five hundred forty-three patients who had both available mammographic reports and pathologic results corresponding to the mammographic lesion made up this study. Pathologic information was prospectively collected concerning patient age, tumor size, histopathologic type, differentiation, lymphatic invasion, extensive intraductal component, estrogen and progesterone receptor levels, Her2/neu immunoreactivity, involvement of axillary lymph nodes, surgical margin status, and type of surgery. In patients with multiple primary invasive tumors, the size of the largest infiltrating lesion was used. Margins were considered involved when invasive or noninvasive ductal carcinoma or invasive lobular carcinoma was present at the inked margin. Close margins represented tumor within 1 mm of the inked margin. Margins were considered clear when the distance between the tumor and the inked margin was at least 1 mm. Her2/neu immunoreactivity was measured in 118 instances. Histologic slides were initially read or, in a minority of instances, retrospectively reviewed by one of the authors (I.J.B.). Mammograms were read by five radiologists who specialize in breast radiology at the Department of Radiology, without knowledge of the pathologic findings.
Patients were divided into four groups based on mammographic presentation: mass ( Fig. 1) , calcification ( Fig. 2) , mass with calcification ( Fig. 3 ), and architectural distortion ( Fig. 4 ). Pathologic findings were correlated with mammographic presentation. The data were analyzed using the SPSS statistical program (SPSS Inc., Chicago, IL). The significance of differences in categorical variables was evaluated using the chi-square test. The significance of differences in continuous variables was evaluated using one-way analysis of variance followed by t tests if the one-way analysis was significant.
RESULTS
The 543 patients ranged in age from 30 to 92 years (mean 59). Forty-one percent (n ϭ 224) of the patients had a mammographic mass, 47% (n ϭ 254) had calcifications, 8% (n ϭ 41) had a mammographic mass with calcifications, and 4% (n ϭ 24) had architectural distortion (Table 1) . Initial tissue sampling of the mammographic abnormality was performed with surgical biopsy in 90% (n ϭ 489) of the patients and core needle biopsy in 10% (n ϭ 54).
Fifty-six percent (n ϭ 302) of the 543 cancers were infiltrating ductal, 8% (n ϭ 43) were infiltrating lobular, and 36% (n ϭ 198) were ductal carcinoma in situ (DCIS). The invasive tumors (infiltrating ductal plus infiltrating lobular) ranged in size from microscopic (Ͻ1 mm) to 3 cm (mean 1 cm). Eight percent (n ϭ 23) of the invasive ductal tumors were well differentiated, 53% (n ϭ 145) were moderately differentiated, and 39% (n ϭ 105) were poorly differentiated. Thirty-two percent (n ϭ 110) of the 344 invasive tumors were associated with an extensive intraductal component. Lymphatic invasion was identified in 21% of the invasive cancers (n ϭ 71), and 25% (n ϭ 62) had axillary lymph node metastasis (248 patients had axillary node dissection at Mount Sinai Hospital). Eighty percent of the tumors (n ϭ 435) were positive for estrogen receptor, and 68% (n ϭ 367) were positive for progesterone receptor. Thirty-five percent (n ϭ 147) of the surgical specimens that were removed by needle localization had negative margins pathologically, 37% (n ϭ 156) had positive margins, and 28% (n ϭ 116) had close margins. Margin status was unknown in 70 specimens. Mammographic presentation was predictive of specific pathologic characteristics of both invasive and noninvasive cancers. The majority of masses, masses with calcifications, and architectural distortions were due to invasive cancers, whereas the majority of calcifications were due to DCIS (P Ͻ .001, Table 2 ). Invasive cancers presenting as masses were less likely to have an extensive intraductal component (P Ͻ .001). Among invasive cancers, calcifications were associated with extensive intraductal carcinoma (P Ͻ .001), increased Her2/neu immunoreactivity (P ϭ .013), and necrosis (P Ͻ .001). Invasive cancers presenting as masses with calcifications were associated with lymphatic invasion (P Ͻ .001). When calcifications resulting from DCIS were present with invasive cancer, 69% were of high grade according to the European Organization for Research and Treatment of Cancer. Among noninvasive cancers, calcifications were associated with necrosis in the tumor (P Ͻ .001). Patients presenting with a mass on mammogram had the highest likelihood of pathologically negative resection margins, and patients with architectural distortion had the highest likelihood of positive margins (P Ͻ .001). Mammographic presentation was not significantly related to tumor differentiation or estrogen or progesterone receptor status. Patient age was predictive of mammographic findings, histology, and invasive tumor size. The proportion of malignancies presenting as masses increased with age, and those presenting as calcifications declined ( Table 3 ). The proportion of invasive malignancies increased progressively with increasing age (Table 4 ). In addition, patients younger than 40 years were significantly more likely to present with T1c tumors (Table 5) .
Mammographic presentation was significantly related to pathologic tumor size (P Ͻ .001). Patients presenting with calcifications had significantly smaller invasive tumors (mean [standard error of the mean] ϭ 7.8 [0.7] mm) than patients presenting with masses (10.8 [0.4] mm), masses with calcification (11.3 [1] mm), or architectural distortions (12.6 [2.3] mm). Axillary nodal involvement was not significantly related to mammographic presentation (P ϭ .623). Twenty-three percent of mammographic masses (n ϭ 36), 24% of calcifications (n ϭ 13), 35% of masses with associated calcifications (n ϭ 8), and 29% of architectural distortions (n ϭ 5) had positive axillary lymph nodes. 
DISCUSSION
Radiographic findings have different significance in younger patients than in older patients because nonpalpable breast malignancies have various radiographic appearances that vary with patient age. Because mammographically detected nonpalpable malignancies in young patients most often present as microcalcifications resulting from DCIS, whereas in older patients nonpalpable malignancies present as masses resulting from invasive ductal carcinoma, 8 -11 mammographic calcifications must be viewed with greater suspicion in young women by both surgeons and radiologists. This suggests that with time, the noninvasive tumors in young women become invasive as they age. However, this is unlikely because older patients with invasive cancers had smaller tumors than young patients with invasive cancers. This supports the hypothesis that the biology of breast cancer is different at different ages. 1, 3, 6, 7, 14, 15 Higher rates of local recurrence after breast conservation in young patients have been attributed to these biologic differences. 2, 3, 14, 15 In addition to young age, the presence of mammographic calcification has also been associated with higher rates of local recurrence. 16 Because we and others 8, 9, 11 found that calcifications detected by screening mammography in young patients are more frequently a manifestation of DCIS, the value of mammography in young patients may be increasing. In addition, local recurrence is more frequent with cancers with extensive intraductal carcinoma manifesting as calcifications. [17] [18] [19] [20] This should cause the clinician to plan wider surgical excision to obtain clear margins when malignancies present as calcifications.
Calcifications have different implications for noninvasive and invasive cancer depending on whether they are associated with a mass. When accompanying invasive cancer, the DCIS is usually of high grade according to the European Organization for Research and Treatment of Cancer and the invasive cancer is often Her2/neu positive. Invasive malignancies presenting as calcifications on mammography were associated with extensive intraductal carcinoma, 21, 22 and because extensive intraductal carcinoma has been associated with a high rate of positive margins and local recurrence, [17] [18] [19] [20] more tissue will also have to be removed with these cancers to obtain clear margins. However, invasive tumors presenting as masses with calcification had the lowest rate of positive margins, but they had the highest rate of lymphatic invasion, which should increase the clinician's suspicion that nodal involvement may be present.
Patients who had architectural distortion on mammography were more likely to have positive margins than patients with masses or calcifications. This may be because architectural distortion on mammography is most commonly due to benign conditions, causing the surgeon to excise with minimal margins. Tumors presenting as architectural distortions on mammography were also significantly larger than tumors presenting with other mammographic abnormalities. Patients undergoing biopsy for nonpalpable architectural distortions should be excised more widely to reduce the risk of positive margins. Several histopathologic parameters have been related to having clear margins on excisional biopsy, and some of these parameters have been related to subsequent local recurrence. [23] [24] [25] [26] However, factors associated with clear margins with palpable cancers are not associated with clear margins with nonpalpable cancers. Clear margins with palpable cancers have been related to preoperative diagnosis by needle biopsy, absence of calcifications, and small tumor size. 23, 25 In our study of nonpalpable breast carcinomas, none of the patients were diagnosed by fine-needle biopsy, and the likelihood of clear margins with calcifications was equal to that of masses.
The radiographic appearance of nonpalpable breast cancers reflects the biology of the disease. Because nonpalpable malignancies in young patients most commonly present with calcifications, mammographic calcifications in young women should be viewed with suspicion. Calcifications in nonpalpable invasive cancers reflect high-grade adjacent DCIS. Nonpalpable malignancies presenting as architectural distortions also have a high rate of positive surgical margins on excisional biopsy. The need for wider surgical excision to obtain clear margins should be anticipated with all of these mammographic presentations. Consideration for management of the axillary nodes is indicated for nonpal- pable malignancies presenting as masses with calcifications because they have a high rate of lymphatic invasion and positive axillary nodes. Once a mammographic abnormality is diagnosed as carcinoma by core needle or mammotome biopsy, our observations should help clinicians to plan surgical treatment based on mammographic presentation.
